, and the most stable conformer has been found to be the S 6 conformer, which is consistent with the crystal structure. In addition, the trigonal compression is reproduced by the DFT computation, indicating that the trigonal compression is the nature of the complex cation but not due to crystal packing. Moreover, inter-ligand hydrogen-bonds have been found to play important roles in determining the structure.
Introduction
It is important to study how the coordination geometry is distorted around a central metal ion in the coordination compounds because the slight distortion influences the sign of the zero-field splitting [1] and it will determine the magnetic behavior [2] . For example, an octahedral nickel(II) complex is one of the simplest cases to show the zero-field splitting (ZFS); the sign of the ZFS is expected to be positive when the coordination geometry is tetragonally elongated, but negative when tetragonally compressed [1] .
We recently prepared an octahedral nickel(II) complex [Ni (DMF) 6 ](BPh 4 ) 2 , where DMF is an N,N-dimethylformamide molecule (C 3 H 7 NO) as a ligand, and the crystal structure was determined by the single-crystal X-ray diffraction method [3] .
In the complex cation, six DMF molecules coordinate to a nickel(II) ion to form an octahedral geometry. The whole structure of the complex cation is approximated to an S 6 -propellerlike structure (Figure 1) , and a trigonal compression of the octahedral geometry is observed along the pseudo-S 6 axis. Also in other compounds containing [Ni(DMF) 6 ] 2+ complex cations [4, 5] , the structures of the complex cations are approximated to S 6 symmetries.
At this stage, we want to know the reasons for the above mentioned S 6 -propeller-like structure with a trigonal compression. Therefore, in this study, we conduct density functional theory (DFT) computations to find the reasons.
Computational methods
DFT computations were performed using GAMESS program [6, 7] on SUGOKA and HAKOZAKI computers at Kyushu University. Structural optimizations were performed with LC-BOP/6-31G* [8] and LC-BLYP/6-31G* [8] . Molecular structures were drawn using Winmostar software [9] . 
Structural optimization of the conformers
Using the DFT methods, conformers 1a-4a were optimized to obtain two conformers 1b and 2b ( Figure 4) ; both 1a and 4a
converged to 1b, and both 2a and 3a converged to 2b. For each structure, several lower symmetries were also examined, but the S 6 and D 3 symmetries were the bests for 1b and 2b, respectively.
The energy differences between the conformers are summarized in Table 1 . Conformer 1b is the most stable, and 2b is the second-most stable. Since the energy differences (2.0 kcal mol -1 )
are much larger than the thermal energy kT (0.596 kcal mol -1 )
at room-temperature (k: the Boltzmann constant, T: absolute temperature), only the most stable S 6 conformer is expected to exist at room temperature. complex cation (LC-BOP/6-31G*). 
Structural features of the most stable conformer
As mentioned in section 3.2, the most stable conformer 1b be- 
Reasons for the structural features
In both conformers 1b and 2b, inter-ligand hydrogen bonds are observed, and three DMF molecules form a nine-membered ring with three hydrogen bonds ( Figure 6 ). This nine-mem- 
Concluding remarks
In this study, the three reasons for the structural features (trigonally compressed S 6 -propeller-like structure) of the [Ni (DMF) 6 ] 2+ complex cation were discussed. The DFT computations showed that the most stable conformer was 1b (conformer S 6 ), and this was consistent with the crystal structure. b Evaluated from the distances between the opposite faces. Figure 6 . Hydrogen-bonded nine-membered ring formed with three DMF molecules.
